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Abstract
Honeybees are important pollinators and are essential in the preservation of ecosystems as well as
agricultural production. They are crucial to the pollination of 85% of the world’s food crops.
However, honeybee populations have been in decline over the past decade, due to external
environmental conditions such as diseases and pests (invasive varroa mite), pollution (insecticide),
or inadequate forage/poor nutrition. These conditions can have a severe impact on the health of
hives. This project will serve as a tool for the monitoring system of tracking the activities of
honeybees entering and exiting their beehive. The health condition of the bee colony can be
assessed by checking the flight activities of the honeybee at their hive entrances, that is by capturing
the key events and parameters of the bee colony. By doing this, it will enable the beekeeper to
better care for their hive.
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Introduction
1.1 Problem and Background
Over the last ten years there has been a decline in the colony of honeybee [1] which are the primary
agents of pollination and critical to the stability of the ecosystem [2]. According to the USDA about
eighty-five (85)[3] percent of the leading food crops and seventy-five (75)[4] percent of the major
food productions are dependent on these pollinators and there is the need for these honeybees to be
properly maintained and cared for.
For instance, in the United States alone, the Department of Agriculture estimated that over 37
million Americans including more than 11 million children in 2018 were food insecure [5]. The
United Nations estimated that over 2 billion [6] people do not have access to safe, nutritious, and
sufficient food, with over 821 million [7] classified as undernourished in 2018, with the developing
countries being the most affected. Furthermore, nearly a billion people across the world experienced
the effect of food insecurity in 2020[8], according to the United States Agency for International
Development (USAID)[9], and considering the constant decline of both wild and managed
honeybees, it, therefore, becomes imperative for managing bees to be more important than before.
But unfortunately, beekeeping is declining very rapidly, and the past decades have seen its worst
[10] form of managed honeybee colonies decline and the losses of the colonies globally. These wild
or feral honeybee colonies are in decline, likely due to the pesticides and insecticides poisoning,
[11] the intensification of land settlement, diseases, and parasites. Bee colony losses in the world
are also likely to be driven by these factors (pests, pesticides, and pathogens). For example, the
introduction of African bees to the Western hemisphere [12] in 1956 by Dr. Warwick Kerr, a
geneticist, to create a bee that could survive Brazil's tropical climate, since the European Honeybee
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couldn’t withstand the heat and predation. Leading to the term killer bees [13] these bees over a
short period have thrived but negatively affected the abundance of other species slightly over the
long period.
This thesis explores the spatial components of the health of a beehive and creates a monitoring
system to track the health metrics of beehives.
• Track the activity of honeybees entering and exiting the beehive.
• Develop a deep learning algorithm to detect the bees’ movement in the hive.
This beehive management tool should be able to help the beekeeper manage their hive, because in
beekeeping, monitoring beehives plays an important role in making sure bee colonies stay healthy
and in reducing negative effects that could happen in the colonies [14]

Figure1-1 of palm tree with beehive
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1.2 Motivations
There is increasing evidence that shows the changing of our natural world. According to the United
Nation’s Food and Agriculture Organization there are 100[15] crops that provide most of the food
consumed globally and out of these 75[16] benefit from bee pollination. Furthermore, it is estimated
that the insect pollinated crops are the most nutritious, containing the highest concentration of
vitamins and antioxidants. Bees play an important role in African agriculture system, where they
pollinate 80%[17] of the flowering plants and 70%[18] of all food crops, the economic benefits of
bee pollination are clear with an increase in yields of major tree crops such as cashew, cocoa,
mangoes, citrus, avocados and ornamental plants used for decorative purposes such as rose, orchid,
carnation and leguminous crops such as beans, peanuts, peas, soy, and lupins increase by 60% [19].
Therefore, to combat food insecurity and to sustain the plant, bee’s colonies must be protected.

Figure 1.2 bee collecting pollen

Figure 1.3 beehive in a cashew farm
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Figure 1.4 beehive in the wild plants
1.4 Objective
In beekeeping, monitoring beehives plays an important role in making sure bee colonies stay
healthy and reduce the negative effects that could happen in the colonies. There has been a lot of
research and projects done to save the bees. The major current product related to saving the bees is
Hive Mind. The Hive Mind monitors the activities of the bees and reports the in-hive humidity, the
hive temperature, and the number of bees entering or leaving the hive in each 3-hour period
(adjustable). To do this Hive Mind created their system by scaling the LED indicators, temperature,
and humidity sensors in all separate pieces creating unnecessary bulk around and inside the hive.
Thus, introducing equipment inside an established hive could be a stressor and disrupt the colony.
Due to this effect on a bee colony, there must be a new improved method and system to monitor
the bees. Our system will create a monitoring system to track the health metrics of beehives. This
will be achieved by:
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• Tracking the activity of honeybees entering and exiting the beehive
• Developing a deep learning algorithm to detect Bees’ movement in the hive using
Yolov4. This tool will capture key events and parameters of the bee colony to help beekeepers
better care for their hive.

Figure 1.5 bees

Figure 1.6 bee detection using Yolov4 detection

5

CHAPTER TWO

2 .1 Working with bees’ risk analysis and mitigation strategies
2.2 Health and safety in working with bees should be approached with a great amount of
carefulness as in any other activity. The purpose of this risk analysis and mitigation strategies is to
identify any hazards and the likelihood of us being injured by those hazards. Once these have been
identified a plan of action can be devised for minimizing the risk of these injuries, and the type of
actions which should be taken in the event of such an occurrence. The most common type of hazards
working with bees are from products used in manipulating the hive, getting stung, slips and trips,
and from chemical poisoning. The female bee or worker bee can only sting once and they die
shortly after, but the queen bee can sting multiple times.

Figure 2.1 working with bees
2.3 Sting Reactions and Hazards of being stung.
Generally, most stings only result in a temporary injury, swelling and itching. But sometimes the
effect can be more severe, and this depend on the allergies of the person being stung and which
part of the body is stung. We have analyzed that the reaction from being sting into the following
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categories.
o Normal reaction with the effect of a mild pain, swelling redness and itching around
the sting site
o Mild reaction with the effect of swelling in a larger area, and this not just around the
sting site.
o Severe reaction is very rare and includes a swollen eyelid, shock, wheezing, swelling
of the tongue, tightness in the chest and difficulty breathing, and unconsciousness.
To reduce this from happening, we have not only attended training and acquired the knowledge
around working with a hive but how to prevent this from happening.

2.4 Equipment and Component.
Hunting Trail Camera 1080P and 20MP Wildlife Monitoring Game Cam No Glow Night Vision
Motion Activated Waterproof 0.2s Trigger Time with Sd Card and Accessories
Three hunter’s cameras with motion detection will be positioned in a triangular form to be able to
capture any activities around the hive. These cameras are set up not to capture the bees but to
record the occurrences of activities.

Figure 2.2 hunting trail camera [1.9]
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Hidden camera to capture bees
Five cameras will be set up in hiding to capture the entrance and exit of the bees around the hive.
The cameras will be arranged in a pentangular form, because of the hive used for this project.

Figure 2.3 Hidden camera [2.0]

Blink Camera.
Two blink cameras with live feed were positioned to monitor, capture and record any activities
the first two setup of cameras couldn’t capture nor monitor. Since this is live feed any activities
hindering the data collecting could be corrected earlier.

Figure 2.4 Blink camera [2.1]
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Solar panel
Each camera has a solar panel to be able to charge it to it keep working around the clock.

Figure 2.5 Solar Panel with accessories. [2.2]

Power bank
Anker - PowerCore III 20K mAh USB-C Portable Battery Charger - Black
To be able to store extra power from the solar just so if the power in the battering run out, the
power bank could be a secondary source of power

Figure 2.6 Power bank with accessories. [2.3]
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CHAPTER 3 ALGORITHM
3.1 Algorithm: The aim of the algorithm is to detect and identify all forms of objects in the data
collected and be able to separate the foreground images and background images. The algorithm
should be able to track all objects either stationary or moving objects in the frames. This program
would also count the number of objects (bees) in each frame.

3.2 You Only Look Once. (Yolov4)
Yolov4 is known for its optimal speed and accuracy in object detection, Yolov4 is a deep learning
algorithm that predicts object and their position at one glance. Object detection models are usually
composed of two parts: a head which is used to predict (classes and bounding boxes objects), and
a backbone which is pretrained on ImageNet[20].

Figure 3.1 Yolov4 architecture
For object detection models, a one stage model can detect without the need for a preliminary step.
While the two stages detect using a preliminary step where regions of importance are detected and
then classified to see if an object has been detected. This model (Yolov4) was chosen because of
its real time speed in detecting object at one stage.

1

Figure: 3.2 Backbone

3.3 Backbone Network.
The backbone network extracts the essential features. This backbone is a deep neural network
composed of mainly convolution layers. Backbone helps improve the performance of object
detection and is often used in a pre-trained model in neural networks. In yInYolov4 the main
backbone considered by the author are the flowering for the object detector.

•

CSPResNext50

•

CSPDarknet53

•

EfficientNet-B3
Table 1: Parameters of neural networks for image classification.
Backbone model

CSPResNext50
CSPDarknet53
EfficientNet-B3 (ours)

Input network
resolution
512x512
512x512
512x512

Receptive held
size

Parameters

Average size of
layer output
(WxHxC)

BFLOPs (512x512 network
resolution)

FPS
(GPU RTX 2070)

425x425
725x725
1311x1311

20.6 M
27.6 M
12.0 M

1058 K
950 K
668 K

31 (15.5 FMA)
52 (26.0 FMA)
11 (5.5 FMA)

62
66
26

Figure 3.3 image classification

The CSPResNext50 and the CSPDarknet53. This are based on DenseNet. DenseNet and was
designed to connect layers in convolutional neural networks to help reduce the number of network
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parameters and to alleviate the vanishing gradient problem

Figure 3.4 CSPResNext50 and CSPDarknet53
In CSPResNext50 and CSPDarknet53, the DenseNet has been edited to separate the feature map of
the base layer by copying it and sending one copy through the dense block and sending another
straight on to the next stage. The idea with the CSPResNext50 and CSPDarknet53 is to remove
computational bottlenecks in the DenseNet and improve learning by passing on an unedited version
of the feature map.

Figure 3. 5 DenseNet
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3.4 Neck
This is a composition of several bottom-up paths and several top-down paths which collect feature
maps from different stages. In Yolov4 the spatial pyramid pooling (SPP) is one of the major
elements that make-up the neck. SPP has helped fix the fully connected network which required a
fixed size image when detecting objects in convolution neural networks and has helped filter
different shapes.

3.5 Head
The head in a one stage detector perform dense prediction. In Yolov4 the dense prediction is the
final prediction which composed of a vector containing the coordinates of the predicted bounding
box (center, height, width), the confidence score of the prediction and the label.

Figure 3.7 head works by bounding the center, height, width
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CHAPTER FOUR
4.1

Equipment Setup

Setup was done in the night when the temperature was below the ideal condition to sting us. The
project was set-up in Oakland due to SCU’s inability to allow us to use their hive for this project.
The cameras were set up to be able to capture the entrance and exit of the bees, since bees do not
use the entrance and exit points, therefore, we used multiple cameras for work to be done.

4.2 The Hunting Trail Camera:
Hunting Trail Camera 1080P and 20MP Wildlife Monitoring Game Cam No Glow Night
Vision Motion Activated Waterproof 0.2s Trigger Time with Sd Card.
For us to get accurate data for our project we decided to employ multiple layers of this camera for
security purposes. That is the cameras will be able to capture all activities that may cause any form
of harm, distraction, or disturbance around the hive. We set up three hunting trail cameras to capture
the activities such as humans or any wild animal that may attack or come close to the hive. These
cameras can record the time and temperature and have a 32GB of storage SD. The cameras can
operate at a very low temperature and extended period without the need for adjustment. They also
come with a strap to fasten around an object such as a tree to give a maximum range for capturing
anything that may escape the other cameras. Also, these were setup in a triangular shape so that all
the possible angles or obstacles are covered.

The Mini Security Camera:
Mini Security Camera- Tiny Motion Sensor Camera- Night Vision- Nanny Cam Hidden
Camera- Indoor & Outdoor Camera- Smart Home Devices- Wireless Camera for Home and
Office Security- HD Camera
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This camera was chosen for its ability to capture and produce clear and real images of objects. It is
the main camera to capture the activities of the bees around the parameters of the bee, therefore
setup five of these cameras in a pentangular way closer to all the exit and entrance points around
the hive.

The solar panel and portable battery.
Because we wanted accurate data for the project and for the camera's not to turn off half of the way
whilst recording or capturing activities, we decided to add a secondary source of power to the
cameras. By thinking about this we bought Anker - PowerCore III 20K mAh USB-C Portable
Battery Charger to serve as a backup power but since this battery can drain very fast as and when
the cameras overworks, we then added a third source of power which is the Solar

Panel Compatible with Outdoor Solar Powered Wireless Camera, Continuous Power
Supply for Security Camera, 5V 3.5W USB Port Waterproof Solar Panel just so it can
charge and store extra juice powerCore and charge the batteries in the cameras as well.

The Blink are for live feed wirelessly.
After a while we found out cameras were not operating as intended and from our advisor, we
added a third camera which is Blink Outdoor and Indoor - wireless, HD security 4 camera kit
and this Setup was done by factoring in the possible best angle to position our devices.
o Track the activity of honeybees entering and exiting the beehive
o Reduce any environmental disturbance
o Account for possible glare
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Figure 4.1 setup equipment for data acquisition

Figure 4.2 equipment with bounding boxes
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Figure 4.3 bees at the hive
4.2 Yolov4 Setup
To set up our algorithm to detect the bee in our data, we decided on Yolov4 developed by Alexey
Bochkovsky because of its speed in predicting and detecting objects.
Installing and running Yolo
Darknet
We first clone the darknet repository, darknet is an open-source neural network framework written
in C and CUDA. The command git clone https://github.com/AlexeyAB/darknet is used in getting a
detection for a pre-trained model. We downloaded an existing config file and a pre-trained weight
file to test if our Yolo was well cloned and working after which we ran the program with a series
of detectors.
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Figure 4.4 Yolo predict image
We decided to custom train the Yolo from scratch since the weights we downloaded from Darknet
did not support our data, so we used the Pascal VOC dataset. To get Pascal VOC Data we need
allthe VOC data from 2007- 2012 and then after which the VOCdevkit/ for the subdirectory with
all the VOC training data in it. After this we generated the labels for the VOC darknet, to do this
each image is turned into a .txt file. <object-class> <x> <y> <width> <height> the x, y width and
height are relative to the image’s width and height. we downloaded the voc_label data from the
VOC 2007_train.txt to 2012_train.txt and then manually label the data collected from our camera
to .txt file after we modify the cfg in the pascal data in the Darknet directory cfg/vo.data to point to
our data. To do so we replaced the path-to-voc with the directory in which our data is stored in our
computer through the VOC data.
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Figure 4.5 project setup

Figure 4.6 equipment with labels
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Figure 4.7 bees with label
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CHAPTER FIVE
5.0 Training and Testing
The training model adopted was to transfer learning of Yolo developed by AlexeyAB- Darknet.
This was done by cloning the Yolov4 model and transferring the weights to test and validate our
model. To do this the following was done. Few samples are given below

•

Labeling our dataset, we used OpenLabeling
15 0.874361 0.318692 0.243606 0.386916
15 0.850064 0.733645 0.258951 0.304673
15 0.087276 0.481308 0.129795 0.364486
15 0.142263 0.854673 0.212916 0.172897

PM.png</path>
<source>
<database>Unknown</database>
</source>
<size>
<width>570</width>
<height>296</height>
<depth>3</depth>
</size>
<segmented>0</segmented>

12

<object>

<name>bee</name> <pose>Unspecified</pose>
<truncated>0</truncated>
<difficult>0</difficult>
<bndbox>
<xmin>10</xmin>
<ymin>81</ymin>
<xmax>76</xmax>
<ymax>201</ymax>
</bndbox>
</object>
<object>
<name>bee</name>

•

We created our custom config file from darknet/cfg directory and uploaded to the
Yolov4/data on our drive and we changed the following:

• change line batch to batch=64
• change line subdivisions to subdivisions=16
• set network size width=416 height=416 or any value multiple of 32
• change line max_batches to (classes*2000 but not less than the number of training
images and not less than 6000), f.e. max_batches=6000 if you train for 3 classes
• change line steps to 80% and 90% of max_batches, f.e. steps=4800,5400
• change [filters=255] to filters=(classes +5)x3 in
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the 3 [convolutional]before each [Yolo] layer.
• change line classes=80 to your number of objects in each of 3 [YOLO]layers.

• Obj.names
Each objects have name in each new line, and we group them in the same classes
as the class_list.txt file used in the labeling images.
1. With_bee
2. Without_bee

• We made changes in the makefile to enable OPENCV and GPU

Figure 5.1 edited GPU, CUDNN_HALF and OPENCV
After this we downloaded the pre-trained Yolov4 weights to train our custom detector! wget
https://github.com/AlexeyAB/darknet/releases/download/darknet Yolo v3
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optimal/Yolov4.conv.137

We stopped training the model when our system was generating errors, and then edited the.
weights file darknet\build\darknet\x64\backup
We also set the random =1 in t .cgf file (height =608, width=608) to increase precision.
And we change the layers =54
Set the stride=4
For the smaller object which are bees.
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6. Observation
From our project we observed that Yolo could not identify our object due to the following
reasons
• Our image didn’t have the best resolution therefore our image was blurry, and it was
hard to identifies the bees.
• There was not enough data trained on bees and therefore our pre-trained model could
not detect the bees. The training of a custom weight took longer time to train.

Figure:6.1 of bee trying to detect with Yolov4
In some instances, we observed that Yolo could detect and identify the objects as people,
door, fruits, insect and some animals but then make errors by categorizing some object as
animals while they are not
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Figure: 6.2 of bees identified by Yolo
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7. Future Work and Conclusion
For future work, a series of other work will need to be on how the algorithm is able to identify
different scenarios and other materials could be added for this project to be able to better assist the
beekeeper manage their hive. The key areas that need to be improved are listed below.
• Camera and image qualities.
o Image quality need to improve for the model to be able identify the bees and any other
object in each frame
• Deep learning.
o Models need to be trained on different type of insect to be able to identify bees which
was the central focus for this project
o Other deep learning algorithms can be used
• Temperature for behavior of bee
o Thermometers need to be introduced in future to be able to detect the behaviors of bees
with respect to the temperature around the hive.

• Weighting
o Weighting devices can place under the hive to get accurate data in real time for the
beekeeper to how their colonies are doing.
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Summary and Conclusion
Throughout this project the aim was to develop a tool to monitor and help manage a healthy hive
by capturing the metrics that will help determine the health of a beehive, and to use this knowledge
to inform the beekeeper on maintaining a healthy hive. This work is motivated by food insecurity
in the world, the sustainability of the planet using bees as a form of pollination and the balance of
the natural ecosystem. Our experiment was proceeded by first doing extensive research on bees,
getting to know their nature (how the bees behave in and outside their hive), and the environmental
factors affecting them. We also researched and visited places in which different types of hives and
ways in which bees are kept. We visited places like Oakland, Santa Clara hive, Atebubu, and
Nkoranza in Ghana for us to know the different types of bee behaviors. After this research, we were
able to determine the best way to set up our equipment in and around the beehives to monitor and
collect data on the activities of bees in and around the hive. Our algorithm took a much longer time
to train, therefore we used a pre-trained model of Yolov4 for our project due to which we
encountered challenges in training the Yolov4 algorithm to capture the movement of the bees. One
major challenge was our camera. Our image quality was not good enough making it difficult to
identify the bees and due to this Yolov4 couldn’t predict the bees in our data. While at the end of
this project some objectives were achieved, and other objectives were not achieved. Further data
and other deep learning would need to be worked on to improve this tool’s feasibility and
functionalities.
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